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m>  p«Ofr—  ttu  conducted  under  Project  2549-01,  Teroinal  Effects 
**nm  Nk*  Htjeu,  end  fa— nt  Development  md  Test  Center  (ADTC)  last 
EMHNl,  9—11  As—  Firings  Versus  Aircraft  Coaponents .  The  work  was 
fBSfteWSMl  in  support  of  Air  Force  Flight  Dynaaics  Laboratory  (AFPDl)  Task 
142103,  Passive  Defense  Provisions  for  Personnel  Protection,  fro®  October 
lttt  to  March  1969. 
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at  Test  Araas  C-74  and  C-74L  for  their  outstanding  support  during  target 
preparation  and  da— ge  data  collection. 


ABSTRACT 


This  report  discusses  the  mathodology  used  to  conduct  ballistic  tost 3 
ia  support  of  aa  experimental  arsor  system  for  the  protection  of  aircrew 
motors.  The  system  was  designed  to  protect  crew  motors  of  high  perform - 
Me#  aircraft  and  was  installed  on  an  obsolete  F-SBJ  aircraft  for 
destructive  tests.  Shots  were  fired  with  .30  caliber  and  .50  caliber 
AP-M2  end  20mm  fragment  simulating  stiles.  Field  firing  records  of 
all  shots  are  contained  in  Append' x  III.  analysis  of  the  field  data 
was  made  in  this  report. 


Distribution  limited  to  U.  S.  Government  agencies  only;  this 
report  docuracnts  test  methodology  and  ballistic  testing  of  an 
experimental  aircraft  passive  defense  armor  system;  distribution 
limitation  applied  .July  1970.  Other  requests  for  this  document 
must  he  referred  to  the  Air  Force  Armament  Laboratory"  (DLRV) , 

Eel  in  Air  Forcv;  Ease,  Florida  32542. 
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SECTION  I 
INTRODUCTION 


Dm  overall  purpose  of  this  program  was  to  evaluate  a  passive  defease 
•/ttM  far  fighter  aircraft  crew  static*  protection.  The  system  consists 
of  a  aeries  of  areor  panels  placed  in  selected  positions  around  the  crew 
station  of  the  aircraft. 

The  approach  used  in  this  development  program  was  to: 

•  Conduct  a  parametric  study  of  the  threat  to  typical  combat 
aircraft . 

•  Prepare  a  design  manual  for  crew  station  passive  defense 
provisions. 

•  Design  and  construct  an  experimental  system. 

•  Conduct  ballistic  tests  on  the  experimental  system.*'1'* 

The  first  three  portions  of  the  developaent  program  were  performed  by  the 
Aircraft  Araaaent  Incorporated  (AAI)  Corporation  under  contract  with  the 
Air  Force  Flight  Dynamics  Laboratory  (AFFDL).  The  AAI  Corporation  also 
prepared  the  initial  ballistic  firing  program  and  installed  the  armor  on 

the  aircraft. 

This  report  is  presented  in  two  phases: 

1.  The  methodology  used  to  transform  the  contractor  original  firi::^ 
program . 

2.  A  description  of  the  ballistic  tests  conducted  by  the  Air  Force 
Armament  Laboratory  in  sennort  of  the  Air  Force  Flight  Dynamics 
Laboratory  program. 

An  obsolete  F-89.J  aircraft  was  used  for  these  tests  since  it  was  readily 
available  for  destructive  testing.  The  experimental  system  was  designed 
to  fit  the  F-89J  and  was  installed  in  this  aircraft. 


I 


SECTION  II 


DESCRIPTION  OF  EXPERIMENTAL  ARMOR 


Dm  wyriiMUl  tumor  system  was  composed  basically  of  two  typos  c£ 
armor:  dual  hardness  ttMl  (DBS)  armor  and  ceramic  composite  sneer.  Seth 
typo  were  designed  to  defeat  up  to  .SO  caliber  armor  piercing  (AP)  manu¬ 
al  tien  at  service  velocity  and  nornal  obliquity.  Panels  of  DKS  sraor  wore 
placed  on  the  outside  skin  of  the  fuselage  on  both  sides  of  the  crew 
station  (Figures  1(A)  and  1(B)].  These  panels  were  foroed  to  fit  the  shape 
of  the  foselage.  Another  panel  of  DKS  amor  was  placed  directly  forward 
of  the  front  cockpit  instrument  panel.  This  panel  was  held  in  place  by 
aetal  fasteners  bolted  to  the  floor  and  to  the  fuselage  bulkhead  [Figures 
2(A)  and  2(B)]. 

DHS  and  ceraaic  composite- type  amor  panels  were  placed  on  the  floor 
of  both  cockpits,  as  well  as  on  the  bottom  part  of  the  side  consoles. 


.ixcmti 


,uxe  1(3).  Uapesiesntsi  Dual  Hardness  Steel  ,\rmt  on  the  Riglst  Side  of  til®  Mre^aft 


fatal  ftraekat  Attached  to  D»  Dual  Ste.t&sS5s  Stasi  Hats  ? 
•vent  Cockpit  Instras»nt  Psasl 


SECTION  III 


TEST  SEW 


lb  firing  plan  proposed  by  the  AAI  Corporation  was  designed  to  slms- 
1«U  anil  am  ground  fire.  The  aracrred  aircraft  target  w  exposed  to 
anil  tan  fire  fra  several  selected  attack  aspect  eagles  and  ispact 
velocities  s isolating  actual  coabat  conditions. 

Is  artring  the  selection  of  these  test  panawters,  the  aircraft  was 
as maed  to  be  traveling  on  level  flight  at  a  speed  of  S20  knots  and  an 
altitude  of  200  feet.  Under  these  conditions,  the  striking  velocity  of 
tin  projectile  was  calculated  for  each  attack  aspect  angle,  taking  into 
consideration  the  projectile  standard  nuzzle  velocity,  its  velocity  degra¬ 
dation  with  distance,  and  the  aircraft  velocity  vector  relative  to  the 
projectile  velocity  vector.  Inpact  velocities  for  both  .30  caliber  and 
.50  caliber  AP-M2  aonmition  were  calculated.  In  addition,  several  shots 
were  fired,  using  82S-grain  20m  fragnent  simulating  projectiles  (PSP's) 
to  represent  explosive  warhead  damage.  All  firings  with  2tes  PSPs  were  at 
5500  fps  impact  velocity. 

A  total  of  48  shots  was  proposed  in  the  contractor  rest  plan,  divided 
.into  28  shots  of  .50  caliber,  12  shots  of  .30  caliber,  and  8  shots  of  20cs 
PSPs.  All  shots  were  directed  toward  the  following  four  target  points: 


Target 

Coordinates 

Pilot's  head 

0. 

215.5, 

52 

Pilot's  torso 

0, 

215.5, 

33 

Radar  operator's  head 

0, 

267.5, 

S4 

Radar  operator's  torso 

0, 

267.5, 

36 

The  coordinates  are  expressed  in  inches,  and  the  origin  is  the  forward cost 
point  on  the  aircraft .  The  coordinate  systea  is  right-hand  cartesian  with 

the  positive  y  direction  form  nose  to  tail  and  the  positive  z  direction 
£rm  bottcsa  :o  top. 
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Is  order  to  atUlUdi  tht  desired  projectile  trajectories,  it  was 
aaoaasary  to  tWMfcW  til  ffeHHft  of  the  firing  pin.  The  approach  taken 
use  to  use  the  lifh—Mim  is  TMble  1  to  gamerate,  for  each  shot,  an  aiming 
point  os  the  efcis  of  tin  aircraft  and  the  azimuth  and  elevation  angles  of 
the  Use  of  fire  relative  to  the  target .  la  this  format ,  the  gw  can  k 
sighted  os  a  visible  airtsg  point,  and  atlnuth  and  elevation  angles  can  he 
easily  measured  with  a  transit  sad  a  theodolite- type  angle  gauge. 

«lth  reference  to  figure  4,  amd  using  the  right-hand  cartesian 
coordinate  system  described  is  Section  HI  of  this  report,  the  azimuth 
angle  of  a  vector  is  the  angle  between  the  positive  X-axis  and  the  projection 
of  the  vector  os  the  X-Y  plane.  The  angle  is  considered  positive  when 
me lured  free  X  toward  Y  and  is  considered  negative  when  measured  free  X 
toward  -Y.  The  azimuth  is  identical  to  the  angle  S  as  defined  in  spherical 
coordinates. 

The  elevation  angle  is  the  smallest  angle  between  the  X-Y  plane  and 
the  vector  itself.  The  angle  is  considered  positive  when  measured  fros 
the  X-Y  plane  toward  Z  and  is  considered  negative  when  measured  from  the 
X-Y  plane  toward  -Z.  Tba  vector  is  always  positioned  with  the  nose  at  the 
origin.  The  elevation  angle  corresponds  to  the  angle  (90  -  6)  in  spherical 
coordinates.  In  calculating  this  angle,  the  coordinate  system  in  the  air¬ 
craft  was  changed  letting  the  X-axis  go  along  the  fuselage.  The  origin  of 
the  system  was  changed  to  coincide  with  fuselage  station  zero  (the  forward- 
soft  point  of  the  aircraft  is  fuselage  station  -10.91).  Therefore,  the 
X-coordinates  represent  fuselage  stations,  the  Y- coordinates  represent 
wing  stations,  and  the  Z-coordinates  represent  water  lines  (all  in  inches). 
The  origin  (0,  0,  0)  is  then  at  fuselage  station  0,  water  line  100,  and  the 
centerline  of  the  aircraft  (Figure  5). 

Using  these  rules,  the  firing  plan  was  transformed.  The  first  step 
was  to  define,  for  each  shot,  the  equation  of  the  firing  line  in  space. 

Then  a  computerised  geometric  nod el  (2),  (3),  (4)  of  the  F-89J  aircraft  was 
used  to  calculate  the  intersection  of  this  line  with  the  aircraft  skin 
(elating  point)  and  the  azimuth  and  elevation  angles.  Appendix  I  presents 
an  explanation  of  the  problem  mathematics. 


T®bl®  II  presents  the  transformed  firing  plan.  The  ispset  points  arc 
expressed  by  fuselage  stations  and  either  water  lines  or  wing  stations 
(only  two  shots  encounter  the  wing  of  the  aircraft).  As  can  be  seen  in 
Table  11,  s.H  elevotioo  eaglet  are  negative  since  the  firing  plan  simulates 
gre*--;d  fir:  on  the  liftnft  is  level  flight.  This  requirement  presented 
difficulty  .In  positioning  the  aircraft  and  pm  for  firings.  Following 
v  •ccaamndatieos ,  a  limited  amount  of  dismantling  was  performed 


Figure  5.  P-S9J  Stations  and  Fraao  Diagram  (Pros  T,0.  IF-&9J-3-1) 


TABU!  II.  TRANSFORMED  FIRING  PLAN 
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TABLE  II.  (CONCLUDED) 


am  thm  alvmft  to  permit  positioning  of  tto  aircraft  relative  to  tin  f». 

The  distant  lit*  consist od  of  (1)  unbolting  the  right  wins  **«»  *h«  ffcistisge 
(win*  station  41).  (2)  cutting  the  loft  wing  just  outside  the  min  tending 
gear  (approximate  wing  station  ISO)  .and  (S)  acting  the  cnpenaago  asseably 
at  apprcadmataly  station  493  (Figure  5).  With  this  enount  of  disassmbly, 
it  was  possible  to  select  eoaveniost  positions  of  the  aircraft  and  gun. 

Six  basic  positions  were  selected  for  the  aircraft.  By  repositioning 
the  gun,  these  six  positions  allowed  firing  of  all  shots.  The  positions, 
expressed  in  terns  of  the  angle  between  the  section  of  the  left  wing  on  the 
aircraft  and  the  horizontal* are  90* ,  80*,  55*,  45* ,  -55*,  and  -90*.  Although 
the  ozinuth  orientation  of  the  aircraft  hod  to  be  changed  several  tines  to 
confora  with  range  safety  procedures  (downrange  firing) ,  these  positions 
allowed  for  a  nininua  of  tine-consuming  aircraft  movements. 

Figures  6  through  9  show  the  target  aircraft  ready  for  firings  in 
the  90*  position.  Due  to  the  relatively  compact  shape  of  the  aircraft  after 
disassembly,  it  was  found  that  it  will  actually  rest  in  place  in  this  posi¬ 
tion.  However,  sandbags  were  placed  all  around  the  aircraft  for  additional 
securing  and  safety. 

Figures  10  and  11  show  the  aircraft  in  the  80*  position.  In  this 
case,  additional  sandbags  were  placed  under  the  right  wing  attachment 
section  to  obtain  the  desired  angle. 

The  4S°  position  of  the  aircraft  is  illustrated  in  Figure  12.  Again, 
the  aircraft  was  secured  in  place  with  sandbags  under  the  main  fuselage. 

In  order  to  obtain  the  -55°  position,  it  was  necessary  to  dig  a  trench 
for  the  left-wing  section  of  the  aircraft.  Figures  13,  14,  and  15  show  this 
position.  Sandbags  were  again  used  to  secure  the  aircraft  in  place. 

The  remaining  55°  and  90°  positions  were  obtained  by  varying  the  45° 
and  -55*  positions. 

Since  ail  angles  were  measured  relative  to  the  horizontal  plane,  it 
was  necessary  to  transform  the  firing  plan  in  Table  II  again.  The  approach 
was  to  perform  a  transformation  of  coordinates  for  each  position  of  the 
aircraft  and  to  calculate  the  azimuth  and  elevation  angles  in  relation  to 
the  coordinate  system  on  the  ground  (the  X-Y  plane  being  the  horizontal 
plane).  Appendix  II  presents  a  detailed  treatment  of  the  approach  used. 

Table  III  presents  the  final  firing  plan  used  in  the  test. 

In  addition  to  the  transformed  test  program,  several  additional  shots 
were  fired  after  completion  of  the  program.  These  shots  were  necessitated 
by  the  following  observations: 
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1 


2.  iwiit  Ants  csntd  mat  Va  twcrt  throngfi  the  target  aircraft. 

3.  Meet  antdde  yt«U  were  cached  at  the  end  of 


4.  Mnocfests  restate*  free  shots  with  high  obliquity  intact 
MjHe  eh m  striking  directly  on  for. 

hsit  an  these  observations,  21  adAltional  tests  were  conducted,  all 
at  noiaal  obliquity  to  the  target.  Test  conditions  were  as  follows: 

1  .SO  caliber  AP  at  3500  fps  inpact  velocity  directly  at  a  panel. 

2.  .50  caliber  AP  at  3500  fps  inpact  velocity  at  an  attachment 
bolt  oa  a  panel. 

3.  .50  caliber  AP  at  3500  fps  inpact  velocity  directly  at  a 
fracture  on  a  panel  (several  external  panels  fractured). 

4.  .50  caliber  AP  at  3500  fps  followed  by  three  shots  of  .30 
caliber  AP  at  3200  fps  (nultiple  hits)  directly  at  a  panel. 

5.  .50  caliber  AP  at  35CS  fps  followed  by  two  shots  of  20ms  FSP 
at  5S00  fps  directly  on  a  panel. 

6.  14. San  API  at  standard  velocity  directly  on  a  panel. 

7.  20an  IE  I  at  standard  velocity  directly  on  a  panel. 


17. 


Figure  6.  Target  Aircraft  in  90®  Position,  Tsp  View 
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Figure  7.  Target  Aircraft  in  SO”  Position,  Oofctoa  Vim 
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Figaro  10*  Target  Aircraft  in  80*  Position,  Top  Vie*# 


Figure  11.  Target  Mrcrmft  in  SO*  Position,  Bottoa  View 


12.  Target  Aircraft  in  45*  Position 


TABLE  III.  FINAL  FIRING  PLAN 
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TABLE  III.  (CONCLUDED) 
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SECTION  V 


Tfcis  report  presents  the  methodology  that  was  used  to  transform  an 
original  firing  plan  into  a  usable  ballistic  field  test  progran.  This 
transformation  determined  relationships  of  the  target  aircraft’s 
coordinate  system  with  respect  to  a  fixed  ground  coordinate  system.  In¬ 
cluded  in  field  note  f>its  are  the  transcripts  of  the  firing  records  (See 
Appendix  III).  Appendix  IV  explains  the  loading  techniques  used  and  pre¬ 
sents  load  versus  iapact  velocity  tables  obtained  during  these  tests. 

After  installation  of  the  amor  panels,  several  fractures  were 
observed  on  exterior  panels.  Only  panels  that  had  been  shaped  to  fit  the 
aircraft  skin  contour  suffered  these  fractures.  This  phenomenon  was  not 
investigated. 

This  report  wade  no  attenpt  to  analyze  the  firing  data  generated  dur 
the  ballistic  tests.  A  follow-on  progran  will  be  conducted  at  Air  Force 
Flight  Dynamics  Laboratory  to  determine  these  results. 


APPENDIX  I 


TRANSFORMATION  OF  THE  FIRING  PLAN 


la  order  to  transfer*  the  firing  plan  in  Table  I  into  that  in  Table  II. 
the  MAGIC  combinatorial  geoaatry  computer  prograa  Mas  used.  This  program 
is  normally  used  in  vulnerability  assessaents  of  vehicular  targets. 

The  MAGIC  prograa  produces  a  computerized  geometric  aodel  of  targets 
by  coahiaation  of  basic  solid  figures.  Eight  basic  figures  are  used:  sphere, 
rectangular  parallelepiped,  ellipsoid,  right  circular  cylinder,  truncated 
right  circular  cone,  right  elliptical  cylinder,  right  angle  wedge,  and 
arbitrary  convex  polyhedron  (4,  5,  or  6  sides.  3  or  4  vertices).  In 
applying  the  combinatorial  approach,  each  one  of  these  figures  Bust  be 
considered  as  a  set  of  geometrical  points  in  space.  The  figures  are  then 
combined  into  regions  using  three  logical  operators:  ♦  ,  and  OR.  These 

operators  have  the  meaning  of  intersection,  difference,  and  union,  respec¬ 
tively.  By  position  and  super-position  of  the  eight  basic  solids  and  their 
combination  using  the  three  operators,  any  solid  in  space  can  be  approxi¬ 
mated  to  any  desired  degree  of  accuracy. 


Figure  1-1  illustrates  the  use  of  these  operators.  In  Figure  I-1{A), 
two  bodies  e.g. ,  sphere  and  a  rectangular  parallelepiped  are  shown  as 
*  described  in  space.  Figures  I-l(B)  through  I-l(C),  and  I-lfD)  illustrate 
possible  combinations  of  these  bodies  into  regions  which  can  be  described 
as  follows: 


:ieurc  I- 


The  Use  of  Logics}  Operators 


in 


«.  Pigmra  I-1C»): 

Raglan  I  *  *2*3 
Region  2  *  *2*1 
•Kglm  3  »  ♦3-2 

b.  Figaro  I-1(C): 

Itogion  1  -  0R2QR3 

c.  Figure  1-1(0): 

Region  1  •  *2-3 
Region  2  «  0R3  ♦  20R3 

In  its  noaal  operation,  MAGIC  generates  random  parallel  rays  frcat 
specified  attack  aspect  angles.  Each  ray  is  traced  through  the  target, 
and  for  each  ccmpaaamt  (region)  encountered  the  following  information  is 
genersted:  entrance  obliquity  angle,  line-of -sight  distance,  and  noraal 
distance  (distance  throu^i  the  conponent  cm  a  line  normal  to  the  entering 
surface).  These  data,  in  conjunction  with  penetration  mechanics  and  con¬ 
ponent  damage  data,  are  used  to  nake  vulnerability  estimates  of  vehicular 
targets  to  single  fragments  and  projectile  iapacts. 

The  MAGIC  program  includes  a  special  subroutine  (subroutine  TESTG) 
used  to  generate  specific  single  rays.  This  subroutine  is  normally  used  to 
debug  errors  in  body  or  region  descriptions.  By  specifying  a  starting 
and  ending  point  in  space,  this  subroutine  will  generate  a  ray  between  the 
two  specified  points.  At  each  intersection  with  a  region,  it  will  print 
out  the  coordinates  (x,  y,  x)  of  the  contact  point,  the  distance  traveled 
from  the  previous  contact  point,  and  the  total  distance  from  the  starting 
point.  In  addition,  it  will  calculate  the  direction  cosines  for  the  ray. 

Subroutine  TESTG  in  the  MAGIC  program  was  used  in  transforming  the 
firing  plan  in  Table  I  to  that  in  Table  Ii. 

From  Table  I  the  point  P  in  each  shot  line  is  the  target  point  (pilot’s 
head,  pilot’s  torso,  etc).  The  direction  numbers  describe  a  point: 

Pj  (x  ♦  Ax,  y  *  Ay,  z  *  Az) 

where  x,  y,  z  are  the  coordinates  of  P,  and  Ax,  Ay,  Az  are  the  direction 
numbers.  From  the  magnitude  of  the  direction  numbers,  it  can  be  seen  that 
the  point  lies  very  close  to  P,  and  both  lie  inside  the  aircraft.  In 
order  to  use  MAGIC  for  calculations  of  the  entrance  points,  it  was  necessary 
to  calculate  starting  points  outside  the  target.  The  equation  of  the  line 
in  carartetric  fora  was  used: 


(1-1) 


*  •  *1  *  *  (*2  '  V 

y  -  Xj  ■  t  (y2  -  yj) 


d-2) 


Is  this  case  the  coordinates  of  the  point  P  were  used  as  x.,  y. ,  z. ,  and 
x,  y,  x  are  the  coordinates  of  the  point  sought.  1  1 

Using  Equation  (1-2) ,  an  aribtrary  starting  point  outside  of  the 
aircraft  was  calculated  for  each  shot  line.  This  point,  along  with  point 
P,  was  used  as  input  to  the  Magic  TESTG  subroutine. 

In  order  to  facilitate  usage  of  the  output,  a  coordinate  systen  was 
selected  to  coincide  with  the  aircraft  fuselage  station  -  water  line  - 
wing  station  coordinate  systen.  The  systen  was  a  right-hand  cartesian  one, 
with  origin  at  fuselage  station  0,  water  100,  along  the  fuselage  centerline 
*  (see  Figure  5). 

In  aiaing  the  shots,  it  is  convenient  to  use  azinuth  and  elevation 
angles  instead  of  direction  cosines  (see  Figure  4). 

If  an  arbitrary  vector  with  length  R  and  conponents  x,  y,  z  is  con¬ 
sidered  such  that  the  angles  between  the  vector  and  the  X,  Y,  Z  axis  a, 

6,  and  y,  its  respective  direction  cosines  X,  u,  and  v  are: 

>.  =  cos  a 

v  =  cos  S  (1-3) 

v  =  cos  y 

Fro*  basic  trigonoaetrv ,  it  is  true  that: 


u  «  $  (1-4) 

R 


v 


the  axiaszth  A  rad 


Pm  Hpv*  4  md  the  definition  of  *  tragraf , 
elevation  E  rat  defined  toy: 


the  A  »  y/x 


If  ee  arbitrary  vector  of  length  9*1)  is  selected  free  Equation  (1-4) , 
the  direction  cosines  are  identical  to  the  x,  y ,  z  components.  Therefore, 
X,  U,  V  can  toe  used  in  place  of  x,  y,  and  z  in  Equation  (1-5). 

This  nethod  was  applied  in  calculating  the  azinuth  and  elevation 
angles  listed  in  Table  II.  The  fuselage  station,  water  line,  and  wing 
station  nrafu  r t  were  obtained  directly  froo  the  MAGIC  TES7G  output.  Note 
that,  knowing  whether  the  shot  cones  frou  the  left  or  right  side,  only  two 
of  these  three  coordinates  are  needed  to  define  an  aining  point  on  the 
aircraft  skin. 


a  11 


VMBNMffKi  OP  OQWHQES 


In  atiwr  to  facilitate  tte  actual  aiaiag  of  the  pa,  a  fined  cfforftaato 
systea  oa  Oh  ground  was  select  ad.  A  transit  was  used  la  — enuring  niliti 
angles  aad  as  angle  gauge  for  neasuriag  elevation  eagles  (the  angle  |Mlpt 
wosks  with  gravity).  However,  Section  III  depicted  positioas  of  the  air¬ 
craft  at  several  eagles  with  the  ground  (see  Figures  6  through  IS),  there¬ 
fore,  for  each  position  of  the  aircraft,  the  aiaing  angles  of  the  shots  to 
be  fired  froa  that  position  were  transformed  froe  the  aircraft  coordinate 
systea  to  the  ground  coordinate  systen. 
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Figure  1 1  - 1 .  Transformation  of  Coordinates 


55 


*Hb*mt*  to  II*l,  1st  the  MpM  caeMtou  tystw  be  flared 

to  tie  aircraft  with  the  x<4iii  coinciding  with  it*  cat»iia>.  The  prise 
*y*tes  Am  trill  be  fixed  to  the  trowed.  Let  a  be  the  eagle  of  the  ground 
wltii  respect  to  the  aircraft  (the  negative  of  the  position  angle  listed 
in  TSfcU  III),  this  choice  of  coordinates  reduces  the  problea  to  one  of 
a  rote*!**  about  the  x-axis.  For  CB  arbitrary  vector  with  coapoosats  x, 
y*  *»  ite  trees fomad  x* ,  y* ,  a*  canpouents  (for  any  arbitrary  rotation) 
on  be  expressed  as: 


*’  .  ♦  yai2  .  Kijj 

y  .  «a21  •  y022  *  *2J 


(II-l) 


*tfr*  Qi*  is  the  direction  cosine  of  the  i**5  prine  axis  with  respect  to  the 
the  uepriasd  axis. 

Fron  the  definition  of  and  Figure  II-l,  it  can  be  seen  that: 
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0 

0 
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cos  a 
sin  a 
0 

sin  a 


*  cos  a 


Substituting  Equation  (I I -2)  into  Equation  (II-l): 
y*  *  x 

y*  *  y  cos  ♦  z  sin  a 
y  sin  ■  z  cos  a 


(II-2) 


HI- 3) 


z’ 
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Proa  Equation  (1-4) ,  Appendix  I,  »  vector,  starting  at  tk  origin  end 
kriai  unit  length,  has  its  x,  y,  t  conponents  equivalent  to  its  direction 
cotists.  Therefore,  vitk  the  direction  cosines  calculated  fey  tba  esspstst 
(Appendix  I)  ad  the  angle  between  the  aircraft  ving  (y-sxis)  and  'the 
ground.  Equation  (11-3)  cna  be  used  to  calculate  direction  cosines  for  assy 
shot  line  with  respect  to  the  ground  coordinates.  These  generated  values 
can  then  be  substituted  into  Equation  (1-5),  f Appendix  I).  to  calculate 
azinuth  and  elevetioo  angles  of  the  shot  lines  relative  to  the  ground. 

This  nethod  was  employed  is  generating  the  angles  given  in  Table  III. 


FIRING  RfjfflWW? 


TU>  afjmdix  ccmtaims  the  tnmscripts  of  tir*  firing  records  pre¬ 
pared  dnring  the  inspection  after  each  shot.  No  attempt  was  node  to 
redwce  or  analyse  these  data.  AI1  firings  were  conducted  on  Test  Area 
C-741  of  the  Eg Tin  API  reservation. 


FIRING  RECORDS 

Date:  29  Oct  68 
Shot  No.  2 
Range:  C-74L 

Recorder:  George  K.  Ducket 
Required  Vel:  54 SC  fps 
Powder  Type:  IMR  4JSO 


Round  No .  1 

Projectile  Caliber:  .50 
Gunner:  Clyde  Wallace 

Actual  Vel:  3524  fps 
Powder  Wt :  565  grains 


Remarks:  Firing  occurred  at  1040.  Projectile  impacted  witNin  an  inch 
of  the  target  point,  left  of  the  vertical  line,  just  aft  of  the  radone 
bulkhead.  It  penetrated  the  left  radar  compartment  access  door,  eaerging 
at  the  second  rib.  Fro*  this  point  the  projectile  either  broke  up  into 
a  nuaber  of  pieces,  generated  a  number  of  spall  particles,  or  both. 

Some  particles  damaged  the  inside  skin  of  the  radar  compartment  door 
aft  of  the  point  of  penetration.  Other  particles  plowed  through  the 
upper  right  corner  of  a  component  mounted  on  rack  No.  51449563-589, 
severed  a  wire  bundle,  and  nearly  severed  a  tube  which  passes  over 
the  top  of  the  component .  Two  holes  and  a  dent  were  made  in  the  aft 
radar  compartment  bulkhead  (the  forward  bulkhead  of  the  forward  fuel 
cell)  at  widely  separated  points,  indicating  that  at  least  two  particles 
penetrated  the  forward  fuel  cell.  During  damage  assessment,  a  strong 
fuel  odor  was  noted.  The  nose  tank  fuel  filler  cap  was  loosened.  Fuel 
poured  out.  The  cap  was  removed,  and  the  fuel  was  allowed  to  drain. 


Date:  29  Oct  68 
Shot  No.  o 
Range:  C-74L 

Recorder:  George  4.  Ducker 
Required  Vel:  5480  fps 
Powder  Type:  iKR  4350 


Round  No.  2 

Projectile  Caliber:  .50 
Gunner:  Clyde  Wallace 

Actual  Vel:  3494  fps 
Powder  Wt :  365  grains 


Remarks  Firing  occurred  at  132S.  At  projectile  impact,  a  fuel  fire 
erupted  in  the  fuel  cell.  The  fire  spread  to  the  ground  through  the 
rose  tank  fuel  filler  opening.  It  was  smothered  with  portable  CO, 
extinguishers.  The  projectile  impacted  within  an  inch  of  the  target 
point,  left  of  the  vertical  centerline.  It  penetrated  the  left  radar 
compir access  door,  about  two  inches  forward  of  the  aft  edge; 


p— itnui  the  towd  bulkhead  of  the  forward  fuel  cell  near  old 
Um;  mi  peoet rated  the  aft  fuel  cell  bulkhead  breaking  up  a  large 
section  of  a  stiffener  flange.  A  large  nuuber  of  particles  gouged  dents 
in  the  next  bulkhead.  The  aajor  particle  penetrated  the  coapartaent , 
aiaost  ceupletely  severed  a  wire  bundle,  and  made  a  snail  dent  in  the 
forward  surface  of  the  forward  amor  panel.  A  large  piece  of  the  round 
was  recovered  in  the  coapartaent  forward  of  the  front  amor  panel .  It 
was  approxisately  a  third  of  the  projectile  aass--the  rear  part.  It  is 
dcubtfUl  that  the  projectile  would  have  penetrated  the  aft  fuel  cell 
bulkhead  had  the  fuel  cell  been  full. 


Date:  1  Nov  68 
Shot  No.  9 
Range:  C-74L 

Recorder:  George  N.  Duckvr 
Required  Vel:  3490  fps 
Pcwder  Type.  I MR  43S0 


Round  No.  1 

Projectile  Caliber:  .50 
Gunner:  Clyde  Nall ace 

Actual  Vel:  3515  fps 
Powder  Nt:  365  grains 


Remarks:  The  projectile  iapacted  less  than  an  inch  froa  the  target 
point.  It  daaaged  the  base  of  the  left  forward  pitot  tube,  penetrated 
the  skin  into  the  radio  and  electrical  compartments ,  penetrated  a 
bulkhead  and  shelf  installation,  cut  the  pitot  installation  cable,  and 
daaaged  an  instruaent  Mount ,  breaking  up  in  the  passage.  Four  large 
*  particles  penetrated  a  partial  bulkhead,  danaging  Nadar  Controls  No.  1 
and  2,  and  iapacted  against  the  forward  armor  panel.  Four  surface  scars 
were  left  on  the  armor  panel. 


Date:  1  Nov  68 

Shot  No.  7 
Range:  C-74L 

Recorder:  George  N.  [Kicker 
Required  Vel:  3520  fps 
Powder  Type:  IMR  4550 


Round  No.  2 

Projectile  Caliber:  .50 
Gunner:  Clyde  Hal lace 

Actual  Vel:  3534  fps 
Powder  Kt :  365  grains 


Remarks •  The  projectile  penetrated  the  skin  into  the  forward  fuel  cell, 
apparently  breaking  up  in  the  process.  At  least  two  particles  penetrated 
the  aft  fuel  cell  bulkhead  in  two  places,  damaged  fuel  line  5104587  in 
two  places  and  compartment  vent  5104587  3413,  penetrated  the  next  bulk¬ 
head  in  one  place,  and  tore  a  large  hole  in  the  next  bulkhead  adjacent 
to  Nadar  Controls  No.  1  and  2,  further  damaging  them.  Two  almost  imper¬ 
ceptible  dents  were  made  in  the  front  armor  panel.  Further  inspection 
revealed  that  one  particle  was  deflected  by  fuel  line  5104587,  resulting 
in  a  deep  create  * e  *he  line.  A  small  piece  of  the  tip  of  the  projectile 
was  recovered.  It  was  photographed. 
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tetm:  25  Nov  68 

Shot  No.  S3 

Range:  C-74L 

Recorder:  N.  R.  Gromosiak 

Required  Vel:  3500  fps 

Powder  Type:  IMt  4350 


Round  No,  1 

Projectile  Caliber:  29am  PSP 
Gunner:  Clyde  Hal lace 

Actual  Vel:  3565  fps 
Powder  Wt:  425  grains 


Remarks:  The  FSP  impacted  directly  on  the  aiming  point  and  traveled 
through  the  nacelle  tail-cone  asseiably.  It  was  recovered  from  the 
cavity  behind  the  access  door  in  front  of  the  jack  pad  location  sign. 
Secondary  fragments  created  by  the  FSP  penetrated  into  the  engine  outlet 
(afterburner) ,  and  some  were  deflected  outward  from  within  the  engine 
through  the  aircraft  skin  forward  of  the  impact  point.  The  FSP  weight 
after  impact  equaled  694.2  grains. 


Date:  26  Nov  68 

Shot  No.  32 

Range:  C-74L 

Recorder:  M.  R.  Gromosiak 

Required  Vel:  3500  fps 

Powder  Type :  I MR  4350 


Round  No.  1 

Projectile  Caliber:  20mm  FSP 
Gunner:  Sgt  Farris 

Actual  Vel :  333  fps 

Powder  Wt:  425  grains 


Remarks:  The  FSP  impacted  the  aircraft  exactly  on  the  aiming  point. 

‘  It  perforated  an  insulated  hose  just  behind  the  ou.side  skin.  The  path 
for  the  FSP  could  not  be  traced  any  further. 


Date:  26  Nov  68 
Shots  No.  14a  and  14b 
Range:  C-74L 

Recorder:  Mr.  M.  R.  Gromosiak 
Required  Vel:  3170  fps 
Powder  Typ^:  I MR  4350 


Round  No.  2 

Projectile  Caliber:  .50  AP 
Gunner:  Sgt  Farris 

Actual  Vel:  3155  and  3175  fps 
Powder  h't :  305  grains 


Shot  14a 

Remarks:  The  projectile  impacted  the  aircraft  five  inches  above  the 
aiming  point.  It  penetrated  into  the  engine  inlet  dome.  It  continued 
through  the  inlet,  penetrated  the  other  side,  and  entered  the  pilot's 
cockpit  through  the  forward  end  of  the  outboard  throttle  slot  in  the 
control  pedestal  in  the  left-hand  console,  creating  secondary  fragments 
that  impacted  along  with  the  project ile>  into  the  inside  surface  of  the 
cockpit  just  below  *hc  forwarJ  left  coper  of  the  canopy.  No  secondary 
fragments  impacted  the  wallboard  blocks  located  in  the  cockpit.  The 
projectile  recovered  intact.  Sin^e  the  aiming  point  for  shot  No.  14 
was  missed  y  such  a  wide  margin,  it  pas  decided  to  repeat  the  shot. 
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flWtl* 

K55ETT  11m  projtcti  It  imps ctmd  direct  ly  os  the  aisisg  poist  md 
mm rrttd  isto  tto  islet.  After  perfbrstisg  the  engise  islet  dam, 
it  dispersed  dosawerd  to  the  left  of  the  path  followed  by  projectile 
Ida.  The  path  of  the  projectile  could  not  be  traced  after  1  sporting 
de  ocher  side  of  the  islet. 


Bate:  27  Nor  68 

Shot  No.  36 

Bangs:  C-74L 

Seconder:  N.  R.  Gromosiak 

Seguired  Vel:  3500  fps 

Powder  Type:  IMR  4350 


Pound  No.  1 

Projectile  Caliber:  20ns  PSP 
Gunner:  Sgt  Parris 

Actual  Vel:  3497  fps 
Powder  Wt:  430  grains 


Saaarfcs:  The  PSP  ispacted  the  aircraft  two  inches  above  the  aiming 
point.  It  entered  the  cockpit  through  the  left  console  just  aft  of  the 
costrol  pedestal  and  just  outboard  of  the  flap  control.  It  passed 
throu^i  the  cockpit  undistuzbed,  impacting  the  ground  approximately  25 
feet  away  from  the  aircraft.  Exaaination  of  the  line  of  fire  for  the 
PSP  indicated  that  an  error  in  orienting  the  line  of  fire  nay  have 
occurred. 


Date:  27  Nov  68 
Shot  No.  IS 
.Range:  C-74L 
Recorder:  M.  R.  Groaosiak 
Required  Vel:  3490  fps 
Powder  Type:  IMR  4350 


Round  No.  2 

Projectile  Caliber:  .50  AP 
Gunner:  Sgt  Farris 

Actual  Vel:  3361  fps 
Powder  Wt :  350  grains 


Remarks:  The  projectile  impacted  the  aircraft  1/4  inch  below  the  aiming 
point  and  entered  the  engine  inlet  above  the  path  followed  by  shot  No. 
14a.  After  perforating  the  top  of  the  engine  inlet  dome,  it  traveled 
to  the  other  side  of  the  inlet  and  penetrated  into  the  cockpit  between 
the  flap  control  and  the  control  pedestal  and  was  recovered.  Secondary 
fragments  traveled  undisturbed  away  from  the  exit  area,  impacting  the 
inside  surface  of  the  pilot's  cockpit  below  the  left  rim  of  the  canopy. 


Date:  27  Nov  68 

Shot  No.  19 

Range:  C-74L 

Recorder:  M.  R.  Cronos lak 

Required  Vel:  2850  fps 

Powder  Type:  IMR  4359 


Round  No.  3 

Projectile  Caliber:  .50  AP 
Gunner:  Sgt  Farris 

Actual  Vel:  2994  fps 
Powder  Wt :  290  grains 


Renarks:  The  projectile  impacted  the  aircraft  1/2  inch  from  the  aiming 
point.  The  path  of  the  project’ le  could  not  be  traced. 
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Qnte:  27  Nov  68 

9k*  Nq.  1* 

Rang*.  C-74 L 
kcoritr:  N.  I.  GrtMiak 
Raquirwd  Vel:  2220  fjps 
Powder  Type:  INK  4350 


No.  4 

Projectile  Caliber:  .50  AP 
Gunner:  Sgt  Parris 

Actual  Vel:  2301  fj* 

Powder  tft:  200  grains 


Renarks:  The  projectile  iapacted  the  aircraft  right  on  the  aining  point. 
The  path  of  the  projectile  could  not  be  traced. 


Date:*  16  Dec  68 
Shots  No.  27a  and  27b 
Range:  C-74L 
Recorder:  G.  Ducker 
Required  Vel:  2050  fps 
Powder  Type:  IKE  4350 


Round  No.  1 

Projectile  Caliber:  .50  AP 
Gunner:  Sgt  Farris 

Actual  Vel:  2232  and  2241  fps 
Powder  Nt:  195  and  185  grains 


27a 

Renarks:  The  projectile  was  fired  froa  the  rear  of  the  aircraft  at  the 
lower  surface  of  the  left  engine  nacelle.  It  iapacted  the  engine  access 
door  about  four  inches  aft  of  the  iapact  point.  This  shot  will  be 

repeated. 


27b 

Renarks:  The  projectile  inpacted  about  an  inch  froa  the  iapact  point. 
Danage  assessnent  was  not  possible  because  the  access  doors  could  not 
be  opened.  The  latches  were  inoperative,  probably  due  to  corrosion  or 
structural  displacenent ,  and  opening  tools  were  not  available.  Access 
to  the  daauige  area  through  the  engine  outlet  was  not  possible  due  to 
intervening  structure. 


Date:  17  Dec  68 
Shot  No.  3 
Range:  C-74L 
Recorder:  G.  Ducker 
Required  Vel:  3420  fps 
Powder  Type:  4350 


Round  No .  1 

Projectile  Caliber:  .50  AP 
Gunner:  Sgt  Farris 

Actual  Vel:  3401  fps 
Powder  Wt:  365  grains 


Renarks:  The  projectile  inpacted  within  an  inch  of  the  iapact  point, 
perforated  the  skin  and  a  frame ,  perforated  the  bulkhead  forward  of  the 
nose  gear  wheel  well,  and  entered  the  wheel  well  near  the  top.  It  was 
not  p-  sible  to  determine  the  course  of  the  bullet  past  that  point.  A 
number  of  secondary  particles  were  generated  by  the  passage  of  the 
bullet  through  the  coopartnent  forward  of  the  wheel  well.  One  of  these 
shattered  the  face  of  a  pressure  gauge  on  the  forward  face  of  the  forward 
bulkhead  of  the  nose  gear  wheel  well. 
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Dctm:  17  tec  68 
Sb<*  No.  1 
temp:  C-74L 
tecorder:  6.  I.  Docker 
tequired  Vel:  3120  fpw 
Powder  Type:  4350 


tewed  No.  2 

Projectile  Caliber:  .SO  AP 
Goner:  Sgt  Ferris 

Actual  Vst:  3086  fps 
Powder  ire:  300  (rains 


Reworks:  The  projectile  impacted  oo  the  landing  gear  light.  It  per¬ 
forated  the  light ,  perforated  the  nose  gear  wheel  well  bulkhead ,  pene¬ 
trated  the  nose  gear  strut,  and  exited  the  strut  about  three  inches  aft 
of  its  entrance  point.  The  projectile  was  not  recovered.  There  were  a 
nuaber  of  dawage  points  on  the  nose  gear  wheel  and  other  canpanents 
which  appeared  to  have  been  caused  by  secondary  particles.  The  damage 
to  the  strut  was  such  that  it  was  impossible  to  extend  the  nose  gear.  In 
operation,  the  pilot  would  have  had  to  make  a  gear-up  or  emergency 
landing  or  eject. 


Date:  17  Dec  68 
Shot  No.  37 
Range:  C-74L 
Recorder:  G.  W.  Ducker 
Required  Vel:  3240  fps 
Powder  Type:  I HR  4350 


Round  No.  3 

Projectile  Caliber:  .30  AP 
Gunner:  Sgt  Farris 

Actual  Vel:  3130  fps 
Powder  b’t:  112  grains 


Remarks:  The  projectile  passed  through  the  hole  in  landing  light  made 
by  shot  No.  1.  In  passage,  it  further  damaged  the  light  filaments, 
generating  some  small  fragments  which  perforated  the  No.  1  marker  left 
on  the  reflector.  The  projectile  passed  through  the  hole  in  the  bulkhead 
made  by  shot  No.  1.  It  generated  secondary  particles  which  made 
additional  marks  on  the  nose  wheel  assembly.  No  other  significant  damage 
was  noted.  A  piece  of  the  projectile  from  shot  No.  1  was  found  after 
this  shot. 


Date:  18  Dec  68 

Shot  No.  38 
Range:  C-74L 

Recorder:  A.  A.  Santiago  and  G. 
Required  Vel:  3240  fps 
Powder  Type:  IMR  4350 


Round  No.  1 

Projectile  Caliber:  .30  AP 
Gunner:  Sgt  Farris 

Ducker 

Actual  Vel:  3096  fps 
Powder  Wt:  117  grains 


Remarks:  The  projectile  passed  through  the  hole  made  by  shot  No.  1. 
Some  additional  damage  to  the  nose  gear  Mechanism  was  observed.  Full 
assessment  was  not  possible  since  the  nose  gear  was  stuck  in  the  UP 
pos i t i on . 


Oats:  UMcU 
mm  He.  99 
Hn§e:  C-74L 

Rwcortor:  A.  A.  twtlfi  mi  C. 
Rtquirad  Vel:  SMQ  fjpa 
fcjwds*  Type:  Ml  4350 


No  2 

Projectile  Caliber:  .50  AT 
Guaeer:  Sgt  Parris 

Actual  Vel:  5466  fps 
Ranter  Wt:  130  grains 


•wafA.*:  Die  projectile  pan  ad  throu^i  the  hole  aade  by  shot  No.  1. 

■has.  the  ease  gear  was  pulled  out,  extensive  additional  deeage  was  found 
on  the  stmt  aid  the  conponests  on  the  upper  nose  gear  bulkhead. 


Onto:  19  Dec  69 
Shot  No.  16 

Usage:  C-74L 

Recorder:  A.  A.  Santiago  and  G. 
Required  Vel:  5440  fps 
Powder  Type:  INI  4550 


Round  No.  5 

Projectile  Caliber:  .50  AP 
Gunner:  Sgt  Farris 

Ducker 

Actual  Vel:  5S39  fps 
Powder  Nt:  36S  grains 


Renarks:  The  projectile  inpacted  on  the  ain  point.  It  perforated  the 
engine  nacelle  and  was  deflected  upward  through  a  corner  of  the  aft 
panel  of  the  left  console.  It  daaaged  the  seat  back  support  structure 
and  broke  a  lug  froa  the  seat  aounting  bracket.  The  seat  bottoa  cylinder 
was  also  danaged.  The  bullet  would  have  aissed  the  pilot  since  the  line 
of  flight  was  aft  of  the  seat  back. 


Date:  18  Dec  68 
Shot  Mo.  11 
Range:  C-74L 
Recorder:  G.  M.  Ducker 
Required  Vel:  5520  fps 
Powder  Type:  I MR  4 3 SO 


Round  No.  4 

Projectile  Caliber:  .SO  AP 
Gunner:  Sgt  Farris 

Actual  Vel:  3328  fps  (est) 
Powder  Wt :  360  grains 


Reaarks:  The  velocity  tiaer  did  not  function  properly,  possibly  because 
the  force  of  the  shot  blew  the  lead  wires  against  the  surface  of  the 
aircraft  and  shorted  thea  out.  The  projectile  impacted  a  fraction  of  an 
inch  above  the  inpact  point,  plowed  under  the  forward  upper  left  armor 
panel,  penetrated  the  cockpit,  impacted  the  celotex  bundle  in  the  pilot's 
seat  near  the  lower  left  edge  at  layer  No.  S,  and  penetrated  to  layer  18. 
The  projectile  had  fragKnted  and  left  little  pieces  at  each  layer.  The 
piece  in  layer  18  was  the  largest.  The  forward  upper  left  comer  of  the 
armor  panel  was  already  cracked.  The  bullet  finished  breaking  that 
comer  loose  frea  the  panel.  The  attaching  bolt  and  the  rubber  liner 
bonded  to  the  panel  held  that  piece  on  the  aircraft.  The  bullet  fragment 
weighed  S4.8  grains.  Penetration  of  seven  inches  of  Si*rood  means  a 
velocity  of  19 1 S  fps.  a  kinetic  energy  of  445  foot-pounds.  Had  the 
fragment  impacted  the  pilot's  left  thigh,  it  would  not  have  been  fatal, 
dad  it  hit  the  gro.r  or  lower  abdomen,  it  would  almost  certainly  have  been 
fa:  a  1 
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Bat*:  19  tec  66 
tet  te.  » 

Bmgp:  C-74t 
tecaiter:  6.  It.  teeter 
tefdnt  tel:  3260  fps 
tenter  Type:  Ott  4350 


teateMo.  1 

Projectile  Caliber:  .SO  AP 
Oncer:  Sgt  Perris 

Actual  Vel:  3506  fps 
Powder  Vt:  3S5  grains 


tenccts:  Tt#  projectile  impacted  an  the  third  amor  panel  aft,  left 
aide,  at  a  hi^k  angle  of  obliquity.  It  ricocheted,  waking  only  a  super¬ 
ficial  nark  on  the  amor  panel.  The  projectile  nissed  the  inpact  point 
by  about  seven  inches,  but  since  the  inpact  point  was  also  on  the  amor 
pnael,  it  was  not  considered  necessary  to  repeat  the  shot. 


Dote:  19  Dec  66 
Shot  No.  13 
tangs:  C-74L 
tacorder:  G.  N.  Oucfcer 
taquired  Vel:  3170  fps 
Powder  Type:  1MR  4350 


Round  No.  2 

Projectile  Caliber:  .50  AP 
Gunner:  Sgt  Farris 

Actual  Vel:  3210  fps 
Powder  Wt:  340  grains 


tanarks:  The  projectile  iapacted  alnost  on  the  ain  point.  !t  perforated 
the  outboard  wall  of  the  engine  inlet.  A  nuafcer  of  secondary  particles 
were  generated.  The  aajor  particles  perforated  the  inboard  walls  of  the 
Inlet  and,  apparently,  perforated  the  cockpit  floor  below  the  left  rear 
cockpit  console,  danaging  the  console  panel. 


Date:  19  Oec  68 
Shot  No.  8A 
Range:  C-74L 
Recorder:  G.  W.  Docker 
Required  Vel:  3420  fps 
Powder  Type:  I MR  4350 


Round  No.  3 

Projectile  Caliber:  .50  AP 
Gunner:  Sgt  Farris 

Actual  Vel:  3472  fps 
Powder  Vt:  370  grains 


tanarks:  The  projectile  impacted  approximate ly  one  foot  aft  of  the  aia 
point.  It  plowed  a  furrow  through  the  skin,  hit  the  pilot's  canopy,  and 
ricocheted  away  frow  the  aircraft.  This  shot  will  be  repeated. 


Date:  20  Dec  68 
Shot  No .  8 
Range:  C-74L 
Recorder:  It  Santiago 
Required  Vel:  342<>  fps 
Powder  Type:  1MR  4350 


Round  No.  1 

Projectile  Caliber:  .50 
Gunner:  Sgt  Farris 

Actual  Vel:  --  (No  counter 
reading) 

Powder  Wt:  370  grains 
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•NMXfcs:  Qhis  shot  mi  wpwtil  Newt  of  bad  hit.)  Mo  countar  reading 
Mi  nada.  Good  hit.  NnatraNd  ana  iaoido  panel  mi  hit  amor  plate 
behind  the  cockpit.  (Ssckt  a  wire  bundle.)  two  big  holes  were  observed 
in  the  inside  panel  ad  two  big  narks  on  the  plate. 


Date:  20  Dec  68 
Shot  No.  35 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  3500  fps 
Powder  type:  IMR  4350 


Round  No.  2 

Projectile  Caliber:  20i 
Gunner:  Sgt  Farris 

Actual  Vel:  3515  fps 
Powder  Ht:  425  grains 


Ranarfcs:  Good  hit.  Sane  entrance  as  No.  8  but  deflected  and  cane  out  in 
front  of  windshield  (still  on  the  netal  part;  bounced  off  the  edge  of  the 
amor  plate).  Evidence  of  big  fragments  outside  projectile  path  probably 
indicates  breakup. 


Date:  20  Dec  68 
Shot  No.  12 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  3280  fps 
•Powder  Type:  I HR  4350 

Renarks:  Good  hit.  Could  not  find 
it  nissed  all  the  amor.  Pieces  of 


Round  No.  3 

Projectile  Caliber:  .50 
Gunner:  Sgt  Farris 

Actual  Vel :  3339  fps 

Powder  Nt :  345  grains 

hole  in  the  cockpit  area,  although 
ii  laying  on  the  celotex. 


Date:  20  Dec  68 
Shot  No.  43 
Range:  C-74L 
Recorder:  Lt  Santiago 
Requi red  Vel:  30 10  fps 
Powder  Type:  IMR  4350 

Renarks:  Good  hit.  Again  only 


Round  No .  4 

Projectile  Caliber:  .30 
Gunner:  Sgt  Farris 

Actual  Vel:  2817  fps 
Powder  Wt:  100  grains 

entrance  hole  was  observed. 


Date:  20  Dec  68 
Shot  No.  44 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  3010  fps 
Powder  Type:  IMR  4350 

Renarks:  Sane  as  above.  More  pi 

on  the  bundles. 


Round  No.  5 

Projectile  Caliber:  .30 
Gunner:  Sgt  Farris 

Actual  Vel :  3196  fps 

Powder  h't:  110  grains 

found  on  celotex  but  no  penetration 
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Rowd  Ho.  6 

Projectile  Caliber:  .30 
(Summer:  Sgt  Farris 

Actual  Vel:  3301  ij*s 
Powder  Vt:  105  grains 

■Marks:  After  finishing  the  sequaace,  the  seat  was  removed.  Extensive 
daaage  was  observed  around  the  landing  gear  control  area.  Projectiles 
have  boon  deflecting  up  and  hitting  the  outside  user  from  the  inside. 
Shot  No.  45.  however,  flew  strai^it.  hitting  the  pilot's  chest;  no  pene¬ 
tration  on  the  celotex  due  to  hi^i  impact  obliquity  angle. 


B  Dec  M 

45 

C-74L 

Lt  Santiago 
Vel:  3010  fps 
Type:  INI  4350 


Date:  20  Jan  69 

Shot  No.  26 

Kaife:  C-74L 

>i carder:  M.  R.  Croaosiai 

■squired  Vol:  2470  fps 

Powder  Type:  I  NR  4350 


Round  No.  1 

Projectile  Caliber:  .50  AP 
Gunner :  Sgt  Prayer 

Actual  Vel:  No  counter  reading 
Powder  Wt:  -- 


Reworks:  The  projectile  iwpacted  within  1/4  inch  of  the  aiming  point. 
After  iapact ing  into  the  aft  engine  shroud,  the  projectile's  path  could 
not  be  traced  any  further. 


Date:  21  Jan  69 

Shot  No.  27 

Range:  C-74L 

Recorder:  M.  R.  Groaosiak 

Required  Vel:  2050  fps 

Powder  Type:  I MR  4350 


Round  No .  1 

Projectile  Caliber:  .SO  AP 
Gunner:  Sgt  Fraver 

Actual  Vel:  No  counter  reading 
Powder  Wt : 


Remarks:  Shot  No.  27  impacted  within  one  inch  of  the  aiming  point.  The 
path  of  the  projectile  could  not  be  traced  any  further. 


Date:  21  Jan  69 

Shot  No.  10 

Range:  C-74L 

Recorder:  M.  R.  Groaosiak 

Required  Vel:  5410  fps 

Powder  Type:  I  MR  4550 


Round  No.  2 

Projectile  Caliber:  .50  AP 
Gunner:  Sgt  Fraver 

Actual  Vel:  5165  fps 
Powder  Wt :  370  grains 


Remarks:  The  projectile,  after  impacting  the  aiming  point,  passed  under 
the  first  outside  armor  panel  on  the  left  side  of  the  aircraft  and  per¬ 
forated  a  structural  rib  located  under  the  aircraft  skin  and  in  front  of 
the  instrument  panel.  It  was  impossible  to  determine  if  and  where  the 
projectile  entered  the  cockpit  due  to  the  condition  of  the  instrument  panel 
and  the  damage  in  the  cockpit  inflicted  by  previous  shots. 
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MM:  22  2m  W 

SMt  Mo.  24 

Ra«o:  C-74L 

Mcorttr:  M.  R.  Grcoaiak 

Raqnin4  Ml:  3230  fps 

Powdnr  Typo:  IMR  4350 


Round  No.  1 

Projectile  Caliber:  .50  AP 
Gunter:  Sgt  Frsyer 

Actual  Vo* ;  No  counter  rssding 
Powder  Mt:  345  grains 


■Marks:  Shot  No.  24  inpact ed  within  oce  inch  of  the  aiming  point.  The 
path  of  the  projectile  could  not  be  traced  my  further. 


Date:  24  Fab  69 
Shot  No.  5 
Range:  C-74L 
Racoxder:  G.  Ducker 
Required  Vel:  3500  fps 
Powder  Type:  IMR  4350 


Round  No .  1 

Projectile  Caliber:  .50 
Gunner:  Sgt  Frayer 

Actual  Vel :  3478  fps 

Powder  Kt:  grains 


Reuarks:  The  bullet  inpacted  about  an  inch  above  and  aft  of  the  iwpact 
point.  It  penetrated  the  skin  on  the  lower  surface  of  the  aircraft  to 
the  right  of  the  lower  centerline,  perforated  the  forward  fuel  cell,  and 
perforated  part  No.  4606-88  on  the  aft  fuel  cell  bulkhead.  The  size  of 
the  hole  in  this  part  indicated  bullet  breakup  or  the  generation  of  large 
numbers  of  spall  particles. 


Date:  24  Feb  69 
Shot  No.  4 
Range:  C-74L 
Recorder:  G.  Ducker 
Required  Vel:  328C  fps 
Powder  Type:  IMR  4350 


Round  No .  2 

Projectile  Caliber:  .50 
Gunner:  Sgt  Frayer 

Actual  Vel:  3289  fps 
Powder  h‘t :  540  grains 


Rcnarks:  The  bullet  impacted  within  1/2  inch  of  the  inpact  point.  It 
perforated  the  skin  about  eight  inches  to  the  right  of  the  lower  center- 
line  near  the  nose  gear  landing  light.  It  perforated  the  forward  nose 
gear  wheel  well,  bulkhead  and  passed  through  lightening  hole  in  the  nose 
gear  truss  assenblv,  damaging  the  edge  of  the  hole.  It  appeared  to  have 
inpacted  a  bolt  on  the  strut  assenbly  and  shattered.  The  large  ragged 
hole  in  the  bulkhead  indicates  that  bullet  breakup  began  at  that  point, 
or  a  large  nunber  of  spall  particles  were  generated. 


Date:  24  Feb  69 
Shot  No.  40 
Range:  C-74L 
Recorder:  G.  Ducker 
Required  Vel:  3080  fps 
Powder  Type:  IMR  4350 


Round  No.  3 

Projectile  Caliber:  .30 
Gunner:  Sgt  Frayer 

Actual  Vel:  2837  fps 
Powder  Wt :  102  grains 
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Rnarin:  m  boltot  inpnctwd  tkt  inpnct  auk  maim  for  shot  No.  4.  It 
fillawm  tiw  ikii  and  tfco  moo  fur  wfcoal  wo  11  bulkhaad,  lacmtiai  the 
also  mi  tito  hole  aadt  by  shot  No.  4;  nade  a  hole  in  the  truss  near  the 
path  of  shot  Mo.  4  and  cauaaJ  additional  danage  to  the  top  of  the  wheel 
well. 


Date:  24  Nb  69 
Shot  No.  41 
Range*  C-74L 
Recorder:  G.  Ducker 
Required  Vel:  3080  fps 
Powder  Type:  1NR  4350 


Round  No.  4 

Projectile  Caliber:  .30 
Gunner:  Sgt  Frayer 

Actual  Vel:  3210  fps 
Powder  Wt:  10S  grains 


Renarks :  The  bullet  inpact ed  on  the  sane  point  as  shot  No.  40,  followed 
the  sane  path  through  the  wheel  well  forward  bulkhead,  and  caused  addi¬ 
tional  danage  to  the  truss  assenfely.  The  bullet  appeared  to  have  dan aged 
the  brake  valve  asseubly  on  the  top  surface  of  the  wheel  well.  No  pic¬ 
tures  were  taken. 


Date:  24  Feb  69 
Shot  No.  42 
Range:  C-74L 
Recorder:  G.  thicker 
Required  Vel:  3080  fps 
Powder  Type:  I HR  4350 


Round  No.  S 

Projectile  Caliber:  .30 
Gunner:  Sgt  Frayer 

Actual  Vel:  3267  fps 
Powder  h't:  103  grains 


Renarks:  The  bullet  followed  the  path  of  snots  No.  40  and  41.  It  caused 
additional  danage  to  the  wheel  brake  valve  assembly,  almost  demolishing 
it . 


Date:  4  Feb  69 

Shot  No.  25 

Range:  C-741 

Recorder:  Lt  Santiago 

Required  Velocity:  3260  fps 

Powder  type:  JMR  4350 


Round  No.  1 

Projectile  Caliber:  .50 
Gunner:  Sgt  Frayer 

Actual  Vel:  2773  fps 
Powder  Kt :  275  grains 


Renarks.  Projectile  ricocheted  from  the  outside  panel;  several  marks 
v-ire  visible  on  the  plastic  behind  the  pilot's  seat. 


Date:  4  Feb  69 

loct  No.  20 

Range:  C-74L 

Recorder:  Lt  Santiago 

Required  Velocity:  2900  fps 

Powder  Type:  IMR  4350 


Round  No.  2 

Projectile  Caliber:  .50 
Gunner:  Sgt  Frayer 

Actual  Vel:  2~ 56  fps 
Powder  h't:  260  grains 
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pntHctlh  to  wltowi 


«*  wt*wc>  goto*  mi  InM.  to  witoo  of  fregwtats  ca 
iltoifi  vltMM  poult.  Ttoroton,  toot  <wo  not  wbcwS. 
Mftct,  it  ptoAly  hit  tto  lids  pawl  iuidt  of  tk  pilot’s 


tot#:  4  Nh  M  Round  No.  3 

Shot  to.  12  Projectile  Caliber:  .50 

toft:  C-74L  Guexter:  Sgt  Prayer 

Recorder:  Lt  Santiago 

Required  tel:  S2S0  fps  Actual  Vel:  2601  fps 

Ponder  Type:  INR  4350  Powder  Wt :  245  grains 

touts:  Projectile  bit  liaiif  point,  penetrated  between  panels,  ami 
wounded  tto  pilot  around  tto  left  shoulder  urea  (not  certain  whether  it 
wee  a  big  fragment  or  tbe  projectile  itself)-  Witness  panel  on  the  side 
has  a  nub  of  a  snail  fragment  that  penetrated  it.  Projectile  cane  in 
front  of  throttle  console  area;  perforated  the  side  of  sea:  and  was 
recovered  an  the  left  foot  rest. 


Date:  S  Feb  69 
Shot  No.  43 
Range:  C-74L 
Recorder:  Lt  Santiago 
Raqu&red  Vel:  2010  fps 
Powder  Type:  IMt  4350 


Round  No.  1 
Projectile  Caliber: 
Gunner:  Sgt  Frayer 


Actual  Vel 
Powder  Wt : 


No  reading 
100  grains 


toifis:  Entrance  point  about  one  inch  low  of  12.  No  evidence  of  pene¬ 
tration  either  in  witness  wallboard  or  consoles. 


Date-  5  Feb  69 
Shot  No.  44 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  3010  fps 
Powder  Type:  I MR  4350 


Round  Nc  .  2 

Projectile  Caliber:  .30 
Gunner:  Sgt  Frayer 

Actual  Vel:  2994  fps 
Powder  h't :  100  grains 


Remark.;:  Hit  between  12  and  43.  There  was  evidence  of  small  fragments 
flying  around  the  pilot’s  left  leg.  Projectile  apparently  penetrated  into 
the  cockpit  forward  of  the  throttle  console,  but  only  evidence  of  small 
fragments  was  observed. 


Date:  5  Feb  69 
Shot  No.  45 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  3010  fps 
Powder  T/pe  IMS  4350 


Round  No.  3 

Proic  ct i le  Cal iher : 

Gunner:  Sgt  Frayer 


SO 


Actual  Vel:  3016  fps 
Powder  Kt  101  grains 


BmmbB*:  lyctii  ri^it  on  44.  hurtful  around  tke  saw  area  as  the 
otfcwa ,  ywareCal  vitwss  wllkoart,  wd  wounded  pilot's  abdominal  ares. 
Bvidaeee  of  swll  drag  spall  fond  on  witness  board. 


Bate:  S  tab  *9 
Shot  No.  It 
Bmps:  C-74L 
Becorder:  Lt  Santiago 
Required  Vel:  1049  fps 
Powder  Type:  INN  4350 


Rond  No.  4 

Projectile  Caliber:  .SO 
Gunner:  Sgt  Frayer 

Actual  Vel:  2924  fps 
Powder  Nt :  285  grains 


■marks:  Good  hit.  Projectile  penetrated  into  the  wing  at  the  production 
line.  Nothing  observed  on  the  other  side  or  inside  of  the  cockpit.  Big 
hole  ri^it  below  entrance  hole  and  holes  on  velocity  screen  indicate  big 
fragnents  flying  backward .  One  piece  of  the  access  door  found  about  ?S 
feet  tram  the  aircraft  (behind  the  gun) . 


Date:  S  Feb  69 
Shot  No.  17 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  3230  fps 
Powder  Type:  I NR  43S0 


Round  No.  S 

Projectile  Caliber:  .50 
Gunner:  Sgt  Frayer 

Actual  Vel :  3226  fps 

Powder  Wt :  32S  grains 


Renarks:  Projectile  penetrated  wing  around  production  point  area.  As 
far  as  can  be  seen,  the  hole  seens  to  go  in  straight.  No  evidence  of 
danage  in  radar  operator's  conpartnent. 


Date:  7  Feb  69 
Shot  No.  46 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  2720  fps 
Powder  Type:  IMR  4350 

Reaarks :  Good  hit.  Obscrvat 


Round  No.  1 

Projectile  Caliber:  .30 
Gunner:  Sgt  Frayer 

Actual  Vel:  2635  fps 
Powder  Kt :  85  grains 

on  saac  as  for  shot  No.  17. 


Date:  7  Feb  69 

Shot  No.  47 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  2720  fps 
Pcwder  Type  IMR  4350 

Renarks:  Good  hit.  Saae  as  above. 


Round  No.  2 

Projectile  Caliber:  .30 
Gunner:  Sgt  Frayer 

Actual  Vel :  2793  fps 

Powder  Kt  :  86  grains 
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Date:  7  Feb  69 
Shot  No.  48 
Kange:  C-74L 
Recorder:  Lt  Santiago 
Requi  red  Ve 1 :  2720  fps 

Powder  Type:  IMR  4350 

Reaarks:  Saae  as  above. 

Date:  7  Feb  69 
Shot  No.  31 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  3S00  fps 
Powder  Type:  IMR  4350 

Reaarks:  Hit  about  one  inch  high; 
Engine  across  doors  will  be  opened 
to  aircraft  position. 

Date:  7  Feb  69 
Shot  No.  30 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  3S00 
Powder  Type:  IMR  4350 


Round  No .  3 

Projectile  Caliber:  .30 
Gunner:  Sgt  Prayer 

Actua]  Vel:  2721  fps 
Powder  Wt:  86  grains 


Round  No.  4 

Projectile  Caliber:  20mm 
Gunner:  Sgt  Frayer 

Actual  Vel:  3503  fps 
Powder  Iff.  430  grains 

nothing  observed  but  the  entrance, 
later.  They  could  not  be  opened  due 

Round  No .  5 

Projectile  Caliber:  20mm 
Gunner:  Sgt  Frayer 

Actual  Vel:  3521  fps 
Powder  Wt:  430  grains 


Reaarks:  Hit  about  1-1/2  inches  low;  conplste  penetration  and  heavy  spall 
Pilot  wounded  badly  in  left  rib  area.  No  armor  plate  was  encountered  in 
projectile  path.  Slug  penetrated  pilot  bundle  completely  and  stopped  on 
the  right  side  cockpit  panel. 


Date:  12  Feb  69 

Shot  No.  29 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  3500  fps 
P  order  Type:  IMR  4330 


Round  No .  1 

Projectile  Caliber:  20an 
Gunner:  Sgt  Frayer 

Actual  Vel:  3454  fps 
Powder  Wt:  430  grains 


Remarks:  Only  entrance  point  was  observed.  After  putting  a  cleaning  rod 
through  the  hole  as  far  as  it  would  go,  the  projectile  hit  the  right  floor 
panel  (ceramic) . 
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Date:  12  Fab  69 
Shot  No.  23 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  3280  fps 
Powder  Type:  I MR  43S0 

Reaarks:  Projectile  hit  about  one 
the  third  plate  froa  the  front  (on 


Round  No.  2 

Projectile  Caliber:  .50 
Gunner:  Sgt  Frayer 

Actual  Vel:  33o4  fps 
Powder  Nt:  355  grains 

inch  short  of  point.  Ricocheted  off 
right-hand  side)  and  took  off  a  bolt . 


Date:  12  Feb  69 
Shot  No.  21 
Range:  C-74L 
Recorder:  Lt  Santiago 
Required  Vel:  2900  fps 
Powder  Type:  I MR  43S0 


Round  No.  3 

Projectile  Caliber:  .50 
Gunner:  Sgt  Frayer 

Actual  Vel:  2932  fps 
Powder  Wt:  283  grains 


Reaarks:  lapacted  about  two  inches  above  point.  A  hole  was  found  on  the 
consoles  on  the  right-hand  side  of  the  pilot's  coapartaent,  but  no  further 
dasage  was  observed  either  in  the  cockpit  area  or  on  the  seat. 


ADDITIONAL  SHOTS 

Date:  30  Jul  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  3S00  fps 
Powder  Type:  IMR  4350 


Round  No.  1 

Projectile  Caliber:  .50 
Gunner:  TSgt  Sauls 
Actual  Vel:  No  reading 
Powder  Wt:  370  grains 


Reaiarks:  Point  of  iapact  was  10  inches  froa  top  leading  edge  and  IS 
inches  froai  the  rear  leading  edge  of  the  rear  panel  on  the  left  side  of 
the  aircraft.  Entrance  hole  was  1/2  inch  in  diaaeter.  Iapact  splatter 
sheared  off  1/4- inch -diaawter  araor  retaining  bolt  head.  Daaage  inside 
aircraft:  MATTS  transadtter  had  one  hole  1/2  inch  x  3/4  inch  in  facing; 
one  relay  had  one  hole  1/2  inch  in  diaaieter  and  three  holes  less  than 
1/2  inch  in  diaaeter;  three  wires  were  severed;  wing  sain  spar  had  one 
dent  3/4  inch  x  3/4  inch;  seat  bracket  for  foot  matting  had  one  dent  1/8 
inch  and  was  cracked  5/8  inch  on  its  face. 


Date:  30  Jul  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  3500  fjps 
Powder  Type:  IMR  4350 


Round  No.  2 

Projectile  Caliber:  .50 
Gunner:  TSgt  Sauls 
Actual  Vel:  No  reading 
Powder  Wt:  379  grains 


S3 


Remarks:  Point  of  iapnct  was  the  top  left-hand  corner  retaining  bolt  on 
the  left  rear  panel  of  the  aircraft.  Entrance  hole  was  3/4-inch  in 
diaaeter,  removing  the  bolt  hed  and  1-1/2  inches  of  the  bolt.  Dosage 
sustained  was  one  chip  1-1/2  inches  x  1/2-inch  of  armor  removed  by  force 
of  the  projectile  iapact,  five  inches  froa  the  top  leading  edge  one  crack 
7  inches  long  and  one  chip  3/8-inch  x  1-1/4  inches  long.  There  was  severe 
cracking  around  the  iapact  hole.  There  was  no  internal  damage  sustained. 


Date:  30  Jul  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel :  3500  fps 

Powder  Type:  I MR  4350 


Round  No.  4 

Projectile  Caliber:  .50 
Gunner:  TSgt  Sauls 
Actual  Vel:  No  reading 
Powder  Wt:  370  grains 


Reaarks:  Point  of  iapact  was  eight  inches  from  the  bottom  leading  edge  of 
the  armor  plate  on  the  joint  between  the  4  and  5  panel.  Entrance  hole  was 
2-1/2  inches  x  3/4  inch  in  the  araor  and  3  inches  x  2  inches  in  the  air¬ 
craft  skin.  Daaage  sustained  was  1-1/2  inches  x  1/2-inch  piece  of  support 
rib  reaoved;  console  light  panel  -  two  cannon  plugs  destroyed,  one  hole 
1/2-inch  in  diaaeter,  six  holes  less  than  1/2-inch  in  diameter;  rear  of 
case  -  one  hole  1-1/2  inches  x  3/4  inch;  right  foot  rest  -  one  hole  1-1/2 
inches  x  3.8  inch. 


Date:  30  Jul  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  3500  fps 
Powder  Type:  IMR  4350 


Round  No.  5 

Projectile  Caliber:  .50 
Gunner:  TSgt  Sauls 
Actual  Vel:  No  reading 
Powder  Wt:  370  grains 


Reaarks:  Point  of  iapact  was  14  inches  froa  the  top  leading  edge  of  the 
araor  plate,  1/4  inch  off  center  of  the  joint  between  the  3  and  4  panel. 
Entrance  hole  3/4  inch  x  1  inch.  Entrance  hole  4  inches  x  2  indies  in  the 
skin  want  through  a  structural  rib.  Daaage  sustained:  Fuel  quantity 
bridge  wit  severed;  high  voltage  box  on  the  right-hand  side  had  four 
holes  less  than  1/4-inch  in  diaaeter;  wiring  harness  had  eight  wires 
severed  on  right-hand  instrument  panel.  Circuit  breaker  panel  had  one 
hole  1/2  inch  x  1  inch.  Had  a  pilot  been  in  the  aircraft,  he  would  have 
been  100  percent  loss. 

Date:  30  Jul  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  3500  fps 
Powder  Type:  IMR  4350 


Round  No.  6 

Projectile  Caliber:  .50 
Gunner:  TSgt  Sauls 
Actual  Vel:  3484  fps 
Powder  Wt:  370  grains 
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Remarks:  Point  of  impact  was  six  inches  from  rear  leading  edge  and  i/2 
inch  below  crack  on  the  third  panel.  Entrance  hole  was  3/4  inch  x  1  inch. 
Exit  hole  after  armor  was  .•  3-inch-diameter  hole  in  skin  of  aircraft. 

Damage  sustained  was  one  cannon  plug  destroyed  left  side;  cabin  temperature 
alternate  start  switch  panel  -  bent  toggle  switch;  one  hole  1/2  inch  in 
diameter  under  automatic  pilot  panel  in  right-hand  control  panel.  Pilot's 
middle  thigh  would  have  been  100  percent  loss. 

Oate:  30  Jul  69  Round  No.  7 

Range:  C-74L  Projectile  Caliber:  .50' 

Recorder:  Lt  Winger  Gunner:  TSgt  Sauls 

Required  Vel:  3500  fps  Actual  Vel:  3490  fps 

Powder  Type:  I HR  4350  Powder  Wt:  370  grains 


Remarks:  Point  of  impact  was  four  inches  to  the  rear  of  round  No.  6  and 
one  inch  above  the  crack  on  the  third  panel.  Entrance  hole  was  1-1/2 
inches  x  1  inch.  Exit  hole  through  the  skin  was  3-1/2  inches  m  dianeter. 
Damage  sustained  was  two  cannon  plugs  severed;  flap  positioner  destroyed; 
pilot's  calf  would  have  been  100  percent  loss. 


Oate:  30  Jul  69 
Range:  C-74L 
■Recorder:  Lt  Winger 
Required  Vel:  3500  fps 
Powder  Type:  I MR  4350 


Round  No.  8 

Projectile  Caliber:  .50 
Gunner:  TSgt  Sauls 
Actual  Vel:  3502  fps 
Powder  Wt:  370  grains 


Remarks:  Point  of  impact  was  six  indies  behind  leading  edge  and  on  the 
crack  of  the  third  panel,  left  side.  Entrance  hole  was  one  inch  in 
diameter.  Exit  hole  through  the  skin  was  three  inches  in  diameter. 
Damage  sustained:  Fragments  missed  control  panel  but  were  broken  up  by 


the  seat  ejection  handle  grip, 
and  lower  thigh. 

Date:  30  Jul  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  3200  fps 
Powder  Type:  I MR  43S0 

Remarks:  Point  of  impact  was  in  the 
was  no  noticeable  damage  sustained. 


would  have  been  hit  on  his  left  knee 


Round  No.  9 

Projectile  Caliber:  .50 
Gunner:  TSgt  Sauls 
Actual  Vel:  3294  fps 
Powder  Wt: 

center  of  the  fourth  panel.  There 
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Date:  1  Aug  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  3500  fps 
Powder  Type:  I MR  4350 


Round  No .  1 

Projectile  Caliber:  .50 
Gunner:  fSgt  Sauls 
Actual  Vel :  3454  fps 

Powder  Wt:  — 


Rewards:  Point  of  iepact  was  eight  inches  behind  leading  edge  and  cent  if  r 
of  the  second  panel  on  the  right  side  of  the  aircraft.  Entrance  hole  was 
1  inch  *  3/4  inch.  Fragment  hit  junction  panel;  18  wires  were  severed. 
Single-phase  and  three-phase  inverters  were  completely  penetrated.  Wing 
deicer:  one  hole  1/4  inch  in  diameter. 


Date:  1  Aug  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  3500  fps 
Powder  Type:  IMR  4350 


Round  No.  2 

Projectile  Caliber:  20m»  FSP 
Gunner:  TSgt  Sauls 
Actual  Vel:  3134  fps 
Powder  Wt: 


Remarks:  Point  of  impact  was  on  top  of  round  No.  1.  Entrance  hole  was 
enlarged  1-1/2  inches  in  diameter.  Severe  cracking  was  sustained  around 
the  top  of  the  entrance  hole. 


Date:  1  Aug  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  3S00  fps 
Powder  Type:  IMR  4350 


Round  No .  3 

Projectile  Caliber:  20mm  FSP 
Gunner:  TSgt  Sauls 
Actual  Vel:  3514  fps 
Powder  Wt: 


Remarks:  Point  of  impact  was  on  top  of  round  No.  1.  Entrance  hole  was 
1-1/2  inches  in  diameter.  The  single-phase  and  three-phase  inverters  were 
100  percent  destroyed.  Six  wires  in  wiring  harness  were  severed.  Pilot's 
right  foot  would  have  been  a  100  percent  loss. 


Date:  l  Aug  6S 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  Standard 
Powder  Type:  Standard 


Round  No.  4 

Projectile  Caliber:  l4.5aBi  API 
Gunner:  TSgt  Sauls 
Actual  Vel:  3339  fps 
Powder  Wt: 


Remarks:  Point  of  impact  was  in  the  center  of  the  third  panel  on  the  right 
side  of  the  aircraft,  nine  inches  below  the  crack.  Entrance  hole  was  one 
inch  in  diameter;  15  wires  in  the  wiring  harness  were  severed.  The  seat 
had  a  1/2-inch-diameter  hole  on  the  right  side  and  a  1/4-inch-diaaeter 
hole  on  the  left  side.  Projectile  was  stopped  on  the  left  side  of  the 
fuselage  by  a  structural  member. 
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Date:  1  Aug  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  Standard 
Powder  Type:  Standard 


Round  No.  S 
Projectile  Caliber: 
Gunner:  TSgt  Sauls 
Actual  Vel:  3322  fps 
Powder  Wt : 


14. Sax  API 


Renarks:  Point  of  iapact  was  three  inches  above  round  No.  4.  Entrance 
hole  was  one  inch  in  dianeter.  Seat  had  one  hole  1/2-inch  in  dianeter,  one 
hole  1/4-inch  in  dianeter,  and  one  hole  1/8-inch  in  dianeter.  Projectile 
was  stopped  by  a  sand  bag  used  to  hold  down  the  pilot's  seat. 


Dat**  1  Aug  63 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  Standard 
Powder  Type:  Standard 


Round  No.  6 

Projectile  Caliber:  14. Sinn  API 
Gunner:  TSgt  Sauls 
Actual  Vel:  3316  fps 
Powder  Wt :  -- 


Renarks:  The  point  of  inpact  was  three  inches  above  round  No.  S.  Entrance 
hole  was  1-1/4  inches  x  1-1/2  inches.  One  piece  6  inches  x  3-1/2  inches 
was  removed  fron  amor  plate.  Four  holes  1/8-inch  in  dianeter  or  less  were 
in  the  seat,  and  the  am  rest  in  the  seat  had  one  piece  removed  2  inches 
a  3/4  inch  behind  the  front  of  rest . 


Date:  29  Aug  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  Standard 
Powder  Type:  Standard 


Round  No.  1 

Projectile  Caliber:  20im»  HEI 
Gunner:  TSgt  5auls 
Actual  Vel:  No  reading 
Powder  Wt : 


Renarks:  Iapact  point  was  on  the  first  panel  on  the  ri$it  side  of  aircraft, 
12  inches  above  lower  leading  edge  and  S  inches  in  front  of  rear  leading 
edge.  Projectile  was  splattered  on  the  surface  of  the  armor.  No  visible 
damage  was  sustained. 


Date:  27  Aug  69 
Range:  C-74L 
Recorder:  Lt  Winger 
Required  Vel:  Standard 
Powder  Type:  Standard 


Round  No.  2 

Projectile  Caliber:  20an> 
Gunner:  TSgt  Sauls 
Actual  Vel:  No  reading 
Powder  Wt: 


Renarks:  Impact  point  was  6  inches  below  round  No.  1.  No  visible  damage 
was  sustained. 


57 


appstoix  iv 


LOADING  TECHNIQUES 


Preliminary  firings  were  conducted  in  order  to  determine  propellant 
loads  needed  for  the  required  striking  velocities  in  the  ter  plan.  These 
firings  were  conducted  in  an  indoor  range  on  Test  Area  A-2.:  esy  9,  Eglin 
AFB,  Florida. 

Initially,  some  difficulty  was  encountered  in  obtainir.  the  required 
maximum  velocities  for  eacn  projectile  type.  In  both  the  .:J  caliber  and 
.SO  caliber  cartridges,  it  was  not  possible  to  upload  the  cases  to  the 
required  charges.  Some  common  propellants  were  tested,  but  in  all  cases 
either  not  enough  powder  could  be  loaded  ot  evidence  of  extreme  over¬ 
pressures  (i.e.,  cases  jammed  in  chamber,  blown-out  primer)  nade  it 
impossible  to  obtain  satisfactory  results. 

In  order  to  increase  the  propellant  loads,  firings  we'-  made  using 
.50  caliber  cases  with  the  .50  caliber  projectiles  and  20sr  cases  with 
the  .SO  caliber  projectiles.  Special  Mann  barrels  with  im  eased  chamber 
sizes  for  the  proper  caliber  were  used.  The  procedure  for  oading  these 
barrels  was  to  first  position  the  projectile  at  the  end  of  the  chamber 
(beginning  of  the  rifling),  then  insert  the  loaded  case  anc  the  breech  and 
firing  lines. 
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PROJECT  ILK  LOAD  VELOCITY  GUN  SIZE 

CAUSER  (GRAINS)  (FPS)  |  PONDER  CHAMBER/BORE 
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mUTBKV  NOTIS 

table  in  DOC 


I  ^^This  report  discusses  the  methodology  used  to  conduct  ballistic  tests  in 
I  support  of  an  experimental  armor  system  for  the  protection  of  aircrew  members. 
t  The  system  was  designed  to  protect  crew  members  of  high  porfora&nce  aircraft  and 
•;  wc~  installed  on  an  obsolete  F-89J  aircraft  for  destructive  tests.  Shots  were 
I  fired  with  .30  caliber  and  .50  caliber  AP-M2  and  20mn  fragment  simulating 
projectiles.  Field  firing  records  of  all  shots  are  contained  in  Appendix  III. 

No  analysis  of  the  field  data  was  made  in  this  report. 
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